Objectives: Dyslipidemia is one of the important modifiable risk factors for cardiovascular disease. Thus, to know the prevalence of dyslipidemia is the 1 st step to make guidelines of screening and management plan. Although, American Academy of Pediatrics updated the guidelines for lipid in childhood, Asian study is rare.
Introduction
Cardiovascular disease (CVD) is a major cause of morbidity and mortality worldwide, including Korea [1, 2] . Although CVD does not usually develop until the fourth decade of life, it is well known that atherosclerosis develops from childhood [3] [4] [5] . The initial stages of atherosclerosis and its progression are associated with dyslipidemia [6] . Increased total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), triglyceride (TG), decreased highdensity lipoprotein cholesterol (HDL-C) are well-known risk factors associated with cardiovascular disease [7] [8] [9] [10] . Furthermore, dyslipidemia has been found to be closely related to other cardiovascular risk factors, such as hypertension, obesity, and smoking status, not only in adults but also in children and adolescents [4, 7] . With this context, the American Academy of Pediatrics (AAP) recently released a report on lipid screening in childhood [11] .
Historically, the prevalence of CVD in Korea has been much lower than that in Western countries. However, recently, the CVD-associated mortality rate in Korea increased up to 27.6%, comparable to that in the United States [2] . Furthermore, the prevalence of obesity and metabolic syndrome, which are risk factors for CVD, in Korea has steadily increased and is now comparable to that in the United States [10, 12] . This is believed to be due to recent changes promoting a western lifestyle, especially with regard to dietary habits, among the Korean people [12, 13] . Thus, lipid-profile screening and detection of dyslipidemia in Korean children and adolescents is important for preventing CVD in their later life. However, nationwide studies of pediatric dyslipidemia are scarce, especially in Asian countries. Data on serum lipid concentrations of Asian children and adolescents are even absent in the prevalence data from the United States [14, 15] .
The objectives of this study were as follows: (1) to determine the serum lipid concentrations of Korean children and adolescents aged 10 to 18 years; (2) to estimate the national prevalence of pediatric dyslipidemia; and (3) to estimate the number of children and adolescents eligible for pharmacological treatment using the approach presented in the AAP report.
Methods

Study population and data collection
This study was performed using data acquired in the Fourth Korea National Health and Nutrition Examination Survey (KNHANES IV, 2007 ). These surveys have been conducted periodically since 1998 to assess the health and nutritional status of the non-institutionalized civilian population of Korea. KNHANES IV was a cross-sectional and nationally representative survey with a multistage and stratified sampling design conducted by the Division of Chronic Disease Surveillance, Korea Centers for Disease Control and Prevention. Total 31,705 individuals (11,520 families from 500 sectors based on region and housing) were included in KNHANES IV; among them, 74.5% families participated in health surveillance and blood sampling. A total of 2753 subjects aged 10 to 18 years (representing 5,502,245 individuals) were identified as potential subjects for this study. All subjects and their parents were interviewed at home after informed consent and undergo various examinations including blood sampling. Those with incomplete data for a standardized physical examination, blood pressure (BP) assessments, and laboratory tests, including whole lipid profile, and anthropometric measures and those who were currently taking blood cholesterollowering medications were excluded. Thus, the final analytical sample consisted of 2,363 subjects (1,245 boys, 1,118 girls) who were at least 8 h of fasting state.
The blood samples were taken by skilled nurse in mobile vehicle and transported daily to the Central Laboratory (NEODIN Medical Institute, Seoul, Korea). In 2007, serum TC, HDL-C, and TG concentrations were measured enzymatically by using ADIVIA1650 (Siemens/USA) with commercial reagents (CHOL, Siemens/USA; TRIG, Siemens/USA; HDL, Siemens/USA). In 2008-2009, TC, HDL-C, and TG concentrations were enzymatically measured using Hitachi Automatic Analyzer 7600 (Hitachi/ Japan) with reagents (Pureauto SCHO-N, DAIICHI/Japan; CHOLESTEST N HDL, DAIICHI/Japan; Pureauto S TG-N, DAIICHI/Japan) by NEODIN Medical Institute.
The LDL-C were calculated with the Friedewald equation (LDL-C = TC2[HDL-C+(TG45)]) [16] . Since the LDL-C is calculated on the basis of the measured concentrations of HDL-C and TG, measurement needs to be adequate. Therefore, commutable frozen serum samples were prepared according to the C37-A guideline of the Clinical and Laboratory Standards Institute (CLSI) and analyzed at both NEODIN Medical Institute and CDC's Lipid Reference Laboratory. For accuracy, samples with TG greater than 400 mg/dL samples are also excluded.
Definition of each criterion
The prevalence of dyslipidemia was assessed according to the NECP and AHA report [5, 17] . The cut-off of each dyslipidemia was as follows: TC concentration, $200 mg/dL(5.172 mmol/L); LDL-C, $130 mg/dL(3.3618 mmol/L); TG, .150 mg/ dL(1.6935 mmol/L); and HDL-C, ,35 mg/dL(0.9051 mmol/ L). The 1 mg/dL of TC, LDL-C, and HDL-C corresponds to 0.02586 mmol/L and the 1 mg/dL of TG corresponds to 0.01129 mmol/L. According to the AAP Lipid Screening guidelines, pharmacological management can be considered when of LDL-C exceed 190 mg/dL. In the presence of risk factors such as hypertension, obesity, or smoking, pharmacological management can be considered when LDL-C exceed 160 mg/dL. In diabetes mellitus, pharmacological management can be considered if LDL-C is equal to or exceeds 130 mg/dL. High BP in Korean children and adolescents was defined as age-and sex-adjusted BP greater than the 95th percentile [18] . Obesity was defined as body mass index (BMI) greater than the 95th percentile or BMI greater than 25, determined from the 2000 Korean CDC growth charts [19] . Smoking status was assessed by administering a questionnaire to subjects aged more than 12 years.
Statistical analysis
All data were analyzed using SPSS 17.0 for Windows (SPSS Inc., Chicago, IL, USA). The prevalence of each type of dyslipidemia was estimated by incorporating weights to avoid bias. Weights were created to account for the complex survey design, non-response, and post-stratification. The data are presented as the mean 6 SD (or SE). The authors calculated mean and percentile values for TC, LDL-C, TG, and HDL-C concentrations. To compare the means between the sex and among age groups, Student's t test and ANOVA were used. Differences in the prevalence of dyslipidemia as a function of obesity and hypertension status were assessed using chi-square tests. Odds ratios (OR) were used to estimate the relative risk for abnormal lipid concentrations. P-values of ,0.05 were considered significant.
Results
Among the 2,363 subjects, 450 (19.2%) had hypertension, 341 (14.4%) were obese, 26 (1.1%) were current smokers, and 2 girls (0.09%) were newly identified diabetes. Obese subjects were significantly more likely to have at least one abnormal lipid concentration (OR = 3.465 [95% CI, 3.448, 3.483]) and subjects with hypertension were more likely to have at least one abnormal lipid concentration (OR = 1.474 [95% CI, 1.466, 1.482]).
The age-and sex-stratified mean and percentile values for serum TC are presented in Table 1 . The 50th percentile of the TC concentration was 156 mg/dL and the 95th percentile was 203 mg/dL. Overall, girls had a higher mean TC than boys did (161 mg/dL vs. 155 mg/dL, P,0.001). Children aged 10-11 years had a mean TC concentration of 166 mg/dL, which was significantly higher than that for 12-18 years (P,0.001). Furthermore, there was a significant decrease in mean TC from ages 11-12 years to 13-14 years only in boys (P,0.001) (Fig. 1a) . Age-and sex-stratified mean and percentile values for LDL-C concentrations are presented in Table 2 . Girls had a higher mean LDL-C than boys did (92 mg/dL vs. 89 mg/dL, P,0.001), and the mean LDL-C decreased from 12 years of age and then stabilized subsequently only in boys. Girls showed relatively stable LDL-C (Fig. 1b) . Age-and sex-stratified mean and percentile values for HDL-C concentrations are presented in Table 3 . HDL-C concentrations were relatively constant among age groups for girls aged 10 to 18 years. However, mean HDL-C fell 6 mg/dL from ages 10-12 years to 14-18 years in boys. Thus, girls have higher mean HDL-C than boys did after 14 years of age (P,0.001) (Fig. 1c) . In addition, the 5th percentile of HDL-C in boys aged 15-18 years was 33 mg/dL, while in girls of the same age group, the corresponding value was 37 mg/dL. The age-and sexstratified mean and percentile values for TG concentrations are presented in Table 4 . The TG concentration showed high variance and no significant difference among age groups, except for the significant difference between the subjects aged 17-18 years and those aged 11-12 years (P,0.05). Mean TG values ranged from 81 to 101 mg/dL for boys and 80 to 105 mg/dL for girls according to the age group. The peak TG concentration was noted in the 15-16-year age group in boys and the 11-12-year age group in girls (Fig. 1d) .
Among all subjects, 19.7% had at least one abnormal lipid concentration according to the cutoff points of the NCEP and AHA (Table 5 ). The estimated prevalence of hypercholesterolemia (.200 mg/dL) was 6.5%. The prevalence of high LDL-C (.130 mg/dL) was 4.7%. The prevalence of high TG (.150 mg/ dL) and low HDL-C (,35 mg/dL) was 10.1% and 7.1%, respectively. The prevalence of hypercholesterolemia and high LDL-C was greater in girls than in boys (7.4% vs. 5.8% and 5.5% vs. 4.1%, respectively, P,0.001) but lower low HDL-C prevalence (5.5% vs. 8.5%, P,0.001).
Among the 2,363 subjects, 2 subjects (1 boys and 1 girl) had an LDL-C .190 mg/dL. Nine subjects (3 boys and 6 girls) with other risk factors (hypertension, obesity, or smoking) had an LDL-C .160 mg/dL. No subject who newly diagnosed diabetes showed elevated LDL-C ($130 mg/dL). Weighted prevalence of each criterion was 0.09%, 0.34%, and 0.00% respectively. Thus, almost 0.41% of Korean adolescents were eligible for pharmacological treatment.
Discussion
This is the first Asian study to estimate the percentage of children and adolescents, including those with hypertension and diabetes, eligible for pharmacological treatment according to AAP guidelines. The prevalence of hypercholesterolemia, high LDL-C, high TG, and low HDL-C concentrations among Korean children and adolescent is 6.5%, 4.7%, 10.1%, and 7.1%, respectively. Twenty percent had at least one type of dyslipidemia. Furthermore, almost 0.41% of children and adolescents would qualify for lipid-lowering pharmacological treatment according to the AAP guidelines.
Several major studies such as Lipid Research Clinics Prevalence Study and NHANES have provided age-and sex-specific references for concentrations of lipids in children and adolescents in the United States [14, 15] . These studies also showed that sex, race, and ethnic differences exist in lipid profiles and in the prevalence of dyslipidemia. However, these studies did not provide information about Asian children.
The 50th, 75th, 90th, and 95th percentile values for cholesterol concentrations from the KNHANES IV adolescents aged 10 to 18 years were 152, 171, 191, and 200 mg/dL, respectively, for boys and 160, 176, 194, and 205 mg/dL, respectively, for girls. In comparison, the percentile values calculated from the United States NHANES 1999 to 2006 data for white boys aged 6 to 17 years were 157, 177, 195, and 212 mg/dL, respectively, and those for white girls were 162, 182, 201, and 219 mg/dL, respectively [15] . Thus, Korean children and adolescents showed less hypercholesterolemia than white children did from the United States (6.5% vs. 9.3%). In addition, the 50th, 75th, 90th, and 95th percentiles for LDL-C concentrations were 87, 104, 119, and 127 mg/dL, respectively, for Korean boys and 90, 106, 121, and 132 mg/dL, respectively, for girls. The corresponding numbers for white boys from the United States were 85, 103, 124, and 136 mg/dL, respectively, and those for girls were 88, 104, 122, and 133 mg/dL, respectively [15] . The mean and 50th percentiles were similar between Koreans and white individuals from the United States, but the 95th percentile values for Koreans were less than those obtained for white individuals from the United States. Thus, Korean children and adolescents showed less incidence of high LDL-C dyslipidemia than white from the United States (4.7% vs. 7.7%). The TG profile also showed a similar pattern. The 50th and 95th percentiles for TG concentrations were 73 and 189 mg/dL for Korean boys and 80 and 181 mg/dL for girls. In comparison, the percentiles calculated from the United States NHANES data from 1988 to 1994 for white boys 12 to 19 years of age were 76 and 205 mg/dL, respectively, and those for white girls were 80 and 218 mg/dL, respectively. The 5th and 50th percentiles for HDL-C concentrations were 35 and 48 mg/dL for Korean boys and 37 and 50 mg/dL for girls. In comparison, the percentiles calculated from the NHANES 1988 to 1994 data for white boys aged 4 to 19 years were 37 and 53 mg/dL, respectively, and those for white girls were 36 and 54 mg/dL, respectively [14] . Korean children and adolescents showed less incidence of high TG but higher incidence of low HDL-C than that shown by white in the United States (10.1% vs. 12.1%; 7.1% vs. 8.5%). However, the prevalence of total dyslipidemia (at least one abnormal lipid concentration) in Korean children and adolescents according to guidelines of the NCEP and AHA was 19.7%, which was comparable with the value (20.3%) for subjects from the United States [20] . That might be due to single high TG or low HDL-C in Korean subjects, as previously mentioned [12, 21] . Nonetheless, the 95th percentiles for TC and LDL-C and the 5th percentile for HDL-C in Korean were 203 mg/dL, 129 mg/dL, and 49 mg/dL, respectively. The 90th percentile for TG concentrations was 150 mg/dL. Thus, it would be suitable for Korean children and adolescents to follow the AAP guidelines for dyslipidemia to prevent CVD in adulthood by lifestyle modification or medical intervention.
Gender differences in lipid concentrations also existed in Korean children and adolescents, as reported in other previous studies [14, 15] . Girls had higher TC and LDL-C than did boys. Girls also tended to have higher HDL-C than did boys did after the age of 12-13 years, which corresponded to the period of pubertal development. Thus, girls had a higher prevalence of hypercholesterolemia and high LDL-C, which was different from the findings in their white counterparts in the United States. In the United States, boys showed a higher prevalence of hypercholesterolemia and high LDL-C. This phenomenon is observed in other Asian countries as well [22, 23] . The prevalence of hypercholesterolemia and high LDL-C in females is higher than those in males in subjects older than 50 years of age in Korea and China [12, 24] . Asian females may have a higher prevalence of dyslipidemia in both adolescence and after menopause.
In Korea, like in other Asian countries, the prevalence of CVD was much lower than that in Western countries 50 years ago [25] . However, cardiovascular disease morbidity and mortality in Korea has been projected to increase both in absolute number and as a proportion of total disease burden, and the mortality rate associated with CVD increased up to 27.6% in a recent assessment [2, 12] . This trend is common in all East-Asian countries [26] . However, CVD and its mortality rate in US have declined by more than 56 percent [27] . That might partially be due to the availability of drug and non-drug strategies that could reduce CVD. The prevalence of hypercholesterolemia, high LDL-C, and high TG continue to decrease in the United States in spite of relative increase in obesity [15, 28] . However, plasma lipid concentrations increased in Korean children like in other Asian populations [29] [30] [31] . In addition, the detection rate of hypercholesterolemia increased from 9.1% to 21.3% in Japanese children similar to Korean [29] . One of the reasons could be the westernized lifestyle changes with the economic development in these regions, especially the consumption of diets rich in fat, sugar, and cholesterol [29] [30] [31] . Dyslipidemia is one of the most important modifiable risk factors for cardiovascular diseases [5, 11] . Although ethnic differences exist in the prevalence of dyslipidemia, the estimated 10-Year Risk of Coronary Heart Disease does not differ according to ethnicity [32] . Asians are known to have the same risk of CVD in spite of the lower prevalence of dyslipidemia [12, 26] . Furthermore, Asians have other risk factors for CVD, such as hypertension and diabetes. In our study, the prevalence of hypertension was up to 19.2% and in hypertensive subjects, the relative risk of dyslipidemia increased by 1.474 times. Furthermore, the age-adjusted prevalence of hypertension in Korean adults was 34.7%, which is higher than that (29.5%) in the United States [33, 34] . The prevalence of type 2 diabetes mellitus in Korea is estimated to be 7.3%, according to a report by KNHANES III, 2005 , an approximately five-fold increase from the value of 30 years ago [35, 36] . The estimated prevalence of diabetes mellitus among Koreans is even higher than in the U.S. population in 2030. Furthermore, 0.09% of children and adolescents were newly diagnosed with diabetes, which was comparable to the findings in Asians in the SEARCH for Diabetes in Youth Study. [37] The risk of CVD estimated from the NCEP guideline and predicted using the Framingham model in Koreans was similar to that in the American population (Korea, 4.7% vs. the U.S., 5.3%) [38] . Therefore, adult dyslipidemia patients have been treated according to NCEP or AHA guidelines with some modifications [39] . On the basis of these and our own results, we suggest that dyslipidemia in Korean and other Asian children and adolescents should be managed according to the recommendations in the AAP guidelines.
There were some limitations in the present study. First, we were unable to estimate precisely the number of children and adolescents who were potentially eligible for pharmacological treatment because information regarding family history of CVD was not collected in KNHANES-IV. Second, the subject who was suspected diabetes with high LDL-C and high HbA1c was not included as they were not fasting state. If they were included the adolescent potentially eligible for pharmacological treatment would further increase.
Conclusion
We made the references of each lipid and lipoprotein concentrations in Korean children and adolescents aged 10-18 years. The estimated national prevalence of any type of pediatric dyslipidemia by using the NECP and AHA guidelines was 19.7%. Furthermore, at least 0.41% of Korean children and adolescents are eligible for pharmacological treatment according to the AAP guidelines. These findings provide useful information not only for Korean but also for Asian ethnicity in planning programs targeting the prevention of CVD through lipid control from childhood.
